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SUBMISSION: 

The company submits a petition pursuant to section 409tB)(l) of the Federal Fbod, 
Drug, and .Cosmetic Act with respect to Natamydn as a ?noid retardant of 
Aspergilfus parasiticus, Peniciifkqn ru&urn, and f=usarium mo~i/iforme for up to 14 
days in broiler chicken feed. 

Utility studies including laboratory dose titration studies in eac.h af the molds and 
field -studies for the purpose of confirming the dose titrtition resu’tts ‘are reviewed. 
below. Also’ included in ‘the utility packaga are studies va~id~t~~g the method of 
respirometer COz production and 02 consumption measures as-indicators of mofd 
growth. The validation studies are not a subject of this review in accordance with 
wishes of the primary revfeihder. . 

I. DOSE TITRATION STUDIES: 

A. Study Design: 

Five studies were conducted. Four studies were conducted usin chicken mash as 
the substrate. There was one for each of the three types of mold and a repeat 
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.,, .;- &$j$ “:‘tL;&ini A, -. pap&@&s. These four stud&s in mash had Natamycin 
i;son6entrations as follows: U, 5, 7 0, 15, and 20 grams per ton. Two-hundred gram 
samples of sterilized feed were prepared at each test concentration by 
contaminating them with .the appropriate quantity of mold spores and then the 
appropriate concentration of Natamycin. Four repficate ffasks were formed of 20 
gram aliquots each. The experiments differed in pre-incubation time, i.e., time prior 
to the beginning of respirometer recordings. In the ini&! study using A. parasiticus 
the moisture content of the feed was 17% and the initial spore contamination 
varied widely from 5. to 8 x 1 O3 sj3ores per gram. r The repeat study using A. 
parasiticus used a .higher feed moisture content of Il7,38% and the initial spore 
contami,nation was more tightly controlled to 5000 spores per gram as it was in the 
other mash studies. The intended moisture content in the other studies was 17%; 
the measured moisture content for P. rubrum was 17.2% and for F. moniliforme 
was 17.7%. 

After the pre-incubation period, the -flasks ‘were hooked up to the respirometer and 
O2 consumption and C& production were measured over a span of at least 
fourteen days. The amount of gas was accumutated in fdur-hour blocks. 

Chicken pellets were used as the substrate in the fifth stuoy and the doses used 
were the same as those in the other studies minus the 15 gram per ton dose. The 
feed was contaminated naturally as well as by introduced A. perasiticus. Mold 
growth on the pellets was evaluated subjectively rather than by means of 
respirometer. .A colored picture of one representative petri dish from each dose 
showing mold growth on the feed is provided, 

B. Statistical Review: 

The accumulating totals of Oz consumption and CO* production were analyzed at 
time points approximately a day apart, i.e. after four or five four-hour Intervals, in 
the studies of mold growth on mash. The analysis consisted of a one-way analysis 
of variance with treatment being the one fixed effect in the ‘model. A least 
significant difference test (LSD) at the alpha level 0.05 was performed to indicate 
differences among the treatments. if the overall ‘F tests ware significant. Afthough 
LSD results are p,resented for both 02 and COz, only the analysis of variance tables 
for the oxygen could be found in the.submission. We verified that the analysis of 
variance tests and the <LSD results the sponsor provided are similar to those 
obtained by using SAS. Graphs of the accumulating gas ~o~surn~t~on or production 
average for the four replicate flasks by treatment group a,re provided. They show 
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: fa .l& $ k @  d b s e :~ d # e r e n o e s  b e g i n n i n g  a t a b o u t 2 0 0  hours .  S ince  th e r e  is a  h i g h  
‘~ & g & e  o f & re la t ion a m o n g  a c c u m u l a tin g  va lues  a n d  th e s e  s tud ies  cove red  on ly  
th e  g r o w th  a n d  n o t th e  ,d e c a y  p h a s e , th e  re levant  var iab le  fo r  choos ing  a  d o s e  is 
th e  te rm ina l  va lue  wh ich  represents  to ta l  m o l d  g r o w th . In  s o m e  cases,  h o w e v e r , 
th e  fina l  d e te r m i n a tio n s  h a v e  to o  m u c h  var ia t ion to  ak low  d i f ferences to  b e  d e tec ted  
w h e r e a s  two or  th r e e  in tervals  pr ior  to  th e  te rm ina l  intervaf  less var ia t ion a l lows  . 
d e tect ion.  A  cho ice  o f d o s e  th e n  s h o u l d  b e  p rov ided  wi th a  tim e  F r a m e .to  wh ich  it 
app l ies .  

T h e  sponso r’s conc lus ions  fo r  th e  fou r  m a s h  s tud ies  a re  s u m m a r i z e d  b e l o w  as  
cho ice  o f d o s e  in  g r a m s  pe r  to n  o f a tamyc in  a e  d e te r m i n e d  o n  th e  bas is  o f O 2  
c o n s u m p tio n  a n d  C O 2  p r o d u k tio n . T h e  cho ices  a re  b a s e d  loose ly  o n  th e  L S D  tests. 

Cho i ce  o f d o s e  by  sponso r”s ana lys is  

In  d o s e  t i trat ion studies,  w e  d o  n o t re ly  so le ly  a n  jests c o m p a r i n g  m e a n s  o f 
t reatment  g r o u p s . M o d e l i n g  th e  d o s e  r e s p o n s e  curve  is ou r  p re fer red  m e th o d  o f 
d e te rm in ing  d o s e . W e  fit tia r iou’s m o d e i s  to  th e . o x y g e n  c o ~ ~ ~ r n p t~ o fl d .a ta . us ing  th e  
te rm ina l  observa t ions  fo r  th e  s e c o n d  Asperg i l l us  s tudy (4  6  days)  a n d  fo r  th e  
Pen ic i l l i um s tudy (14  days)  a n d . th e  th i rd  f rom th e  last in terval  fo r  th e  Fusar ium 
s tudy (13  days) .  For  e a c h  m o l d , s imp le  l inear  regress ions,  ind ida t ing  inc reas ing  
e ffect  th r o u g h  th e  h ighest ,  c o n c e n trat ion w e r e  ‘a m o n g  th e  to p  c o n te n d e r s  fo r  cho ice  
o f m o d e l . T h e  h ighes t  ad j :us ted r* va lues  fo r  th e  Asperg i l fus  d a ta-  a n d  th e  Fusar ium 
d a ta  c a m e  f rom th e  l inear  p la teau  m o d e l  IH-4. Th is  m o d e l  predi ,o ts  dec reas ing  O 2  
c o n s u m p tio n  to  1 5  g r a m s  pe r  to n  a n d  th e n  a  p la teau,  ind ica t ing  n o  fur ther  e ffect  by  
a d d i n g  m o r e  N a tamyc in .  ‘T h e  ad jus ted  r2  va iue  fo r  Asperg i l l us  is 0 .6 6 3 0  a n d  fo r  
Fusa r ium is 0 .5 1 6 7 . For  th e  Pen ic i l l i um d a ta  th e  h ighes t  ad jus ted  r2  is 6 .4 7 0 3  fo r  
th e  m o d e l  1 1 1 - 3 , wh ich  p la teaus  a t 1 0  g r a m s  pe r  to n . H o .wever,  th e  ad jus ted  r2  fo r  
th e  m o d e l  1 1 1 - 4  is 0 .4 6 5 5  so  th e y  a re  vir tuat iy ind is t ingu ishab le .  Thus,  ou r  ana lys is  
l eads  to  a  r e c o m m e n d a tio n  o f a t least‘ 7  5  g r a m s  pe r  to n  ra ther  th a n  IO  g r a m s  per  
to n  as  c h o s e n  by  th e  s p o n S o r . 



,. (,‘. -‘I&;@$ s&k&‘in &iets, :the daily mold g,rowth scores ranged from 0, none seen at 
t,ox or 20x magnification, to 3, massive hyphai development with abundant aerial 
mycelium and. reproductive structures present. By the fifth day, afl four of .the 
control plates scored 3 and remained at 3 for the remainzing observations at days 6 
and 7, In contrast, the average scores at 5, IQ,, and ,20 -grams per ton were 2, 1.5, 
and 1.25 on day 5 and 3, 2, and I,5 on day 7. This indicates a dose dependent - 
mold-retardant effect in‘ pellets: 

In summary, we ,agree that there is a dose dependent mold retardant effect of 
Natamycin. Modeling leads us to choose a dose of 15 grams a ton. This is higher 

_ than the 10 grams per ton, the sponsor “has ‘chosen. 

Ii. FfELD TRIALS: 

A. Study Design: 

The field studies are divided into two subsets. In the first subset, there are studies 
conducted in Maryland, Louisiana, and Georgia using the- same protocols. At eash 
location two farms were selected. One farm was delivered control feed and the 
other received Natamycin-treated feed from the -time t.he chicks were placed until 
they were marketed, beginning with starter feed, th&n grower ration, and finafly 
withdrawal formulation. At each farm three repfieate houses were used. 

The second subset is one iarg.er stvdy conducted in, Georgia. Forty farms were 
randomly assigned to re:ceive either control feed or ~at~myc~~~treated feed. The 
number of houses treated at a farm, varied- from one to six,. but the information 
collected was reduced down to being on a per farm basis regardless of the number 
of houses used. 

In the first subset, samples were collected at the three feed milks while the feed 
was being produced as mash and then after it was ,pelIeted and pitepared as 
crumbles. Four batches were made at each mili. This was to determine if 
Natamycin could be added to feed to consistently obtain the appropriate 
concentration. At each farm, the fedder lines were sampled, Beginning (S), Middle 
(MI, and End tE1 in each house. This was done on days 0, and about days ‘I 5, 30, 
and 45. This was to determine if Natamycin segregated or separated from the feed 
in the feed line. Concentrations of Natamycin were determined by liquid 
chromatography (HPLC). 



.. 
* , /. y-,_ L ,~~:~~.-‘:~~~ijfe.s,-‘~~~ ‘/VI; 5) were aggregated and tr/plic&e mold ~spare counts were 
.’ f&en far’ebch house. Moisture content was evatuatod. and ‘water was added to 

increase the moisture contents. S%replic?tes were formed by. p&zing aliquots of 
the hydrated feed into flasks. Then the mold’s were grown in the flasks which were 
hooked up to the respirometer, similar to what was done in the dose titration 
studies. After the growth period, mold’ spore counts. were taken, for each replicate. 
The molds were identified. Concentrations of aflatox’ins were determined. 
Production paramC?ters for the 3 houSes combined were recorded. These included 
how many birds were, sold and how many were started, th<eir .average weights and 
the feed conversion values. 

In the single ‘larger study, the feed mill assays were not incJuded. Farm feed 
samples were collected on days 0, 30, end 45 but not on day 15. Otherwise, 
similar information was gathered in this subset as was gathered in the first subset 
of field trials. One additionai feature was added. Farm samples were divided and 
one subsample was inoculated with. a mix of mold spores (A, parasitic=us, P. 
rubrum, and E munilif-armed and attached-to the rsspirometer while the mold grew. 
Mold spore counts ware determined at the end of the growth period. 

B. Statistical Review: 

. . Irst subset (three 

None of the analyses disctissed below for the first subset, which included three 
geographic locations, were -done for, the three lo~cations ~om~ined~ A combined 
analysis should be done to demonstrate that, taking different situations into 
account, the desired effect is present.. 

None of the control samples had detectable levels of Natamycin. The feed mill data 
are presented by batch, displaying the replicate sample assay vafues and their 
means, standard devi’ations and coefficients of variation for both the mash and the 
crumbles. This is presented to ‘convince the reader that the,Natamycin content can 
be well-controlled. Several values are tossed out in the caicufations, In saveral 
instances this is because the first samples were not true feed hut rather “flush out” 
material, mostly corn. This shoutd have been detected at th& time of sampfing and 
later sampfes should have been collected. Other values were tossed out because 
they were abnormally high and it waslater decided that this happened because the 
Natamycin was added simultaneously with liquid ingredients and cfu-mped. See 
page 1444 (Maryland, crumbfes, batch #2). This indicates that mixing instructions 

. 
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_- cen?potients’ bf feed. Finally, the target concentration -was f ppm or 10 grams per 
ton. It. is noted that, in general, all the feed tested~ was low’ in Natamycin, but 
crumbled pellets were further below target thtin mash was. Crumbled pellets. 
contained about 8 ppm across the three locations The Maryland mill was 
particularly beiow target - in the neighborhood of 5.9 to 8.3 ppm in mash. 

Analysis of variance was used to “analyze the B, M, and E conoentrations of 
Natamycin. The 8, $I, and E. observations from the same house were treated as 
though they were independent; this does not seem an appropriate assumption here. 
We treated the B, M, and E samples as repeated meas-ures from the house. And 
because different types of feed were sampted on d’ifferent days {mash versus 
pellets) and these have different concentrations even at the milt where they are 
made, we analyzed days separately, We did %he analysis ~~~bi~ing the three 
locations. We found, first of all, that place in the feed line and location of the field 
trial do not interact. Thus, we can make a general statement about the effect of 
place in the feed line. Natamycin concentrations in the f&d do not differ by the 
place in the feed line from whi’ch they were sampled. Hence, Natamycin d.o,es not 
segregate nor separate from the feed, 

Mold spore counts were analyzed by ane-way analysis of variance. Eight treatment 
groups were formed by combinations of Natamycin concentratiSon and day of 
sample, The analysis makes no sense,to’this reviewer because, as in the B, M, and 
E tinalysis, the effect o.f chicken house is ignored. The sponsor’s analysis finds no 
difference between controf and Natamycin at any of the three locations. They note 
how variable the data are. An analysis was performed on subgamples “before 
respirometry” and “after: respitometry”. The before. respirometry values would 
seem to be more approprjate for detarmining the field eff&acy of N,atamycin. No 
analysis of the respirometry values (CUz production or 02 con&mption) is 
presented. 

We analyzed the mold spore counts as repeated measuras on t e chicken house, 
combining all three locaticsns. Gaunt data are frequentdy transformed by taking the 
logarithm of the counts prior to analysis. This is considered a variance stabilizing 
transformation. We used the log transform. There is a significant time by location 
by treatment interaction, which means that a general c.onc&sion is not warranted. 
Instead one has to look at individuat times. In doing., so, we find that there are 
significant interactions between location and treatment on days 15, 30 and 45. 
Thus, conclusions about the utility of’ Natamycin to retard mold growth would 
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‘. ~~@$$$: go’ h&e $6;. ‘be, ‘made an the individuai lecation basis, There is insufficient 
_ pb&&r %t -indivibual loc’ations since there are only three houses (observations) per 

location. Therefore these studies do-not confirm the utility of “Natamycin, 

During mold identification, molds other than- the three, used in the dose titration 
were found. They are: Rhizopus, Sporothrix, ,Mucor, Paecifomyces, 

Moisture content* of the feed was in the 1 2.5% to 74% range prior to hydration 
and respirometry. Aflatoxin concentrations. were extremely. low in both controfs 
and treated samples. 

Very small differences ‘in mortality, average weight’ of marketed birds, and feed 
donversion were observed. This information is presented in the submission in the 
three separate locations’ reports, but it is tabfed together betow!for convenience. 

So that only one ta,ble is requited for the production .parameters, the large Georgia 
study results are appended-and labeled “GA II”. 

Prod&ion Parometers for Natamycin Field Trials 

Maryland 

Louisiana 

Georgia 

GA It 

Control 60,000 1.73 &Of5 1.96 
Natamycin , 90,447 0.$3% !j.rz 2.04 
Control 64,800 !sH3 3%9 1.79 
Natamycin 64,800 5.15 4,09 1*-m 
Control : 79,000 2.01 5.02 1.93 
Natamycin 77,285 2.31 5.1g-4 1.94 
Control 1 ,Ol a,q45 4.68 5.01 1.95 
Natamycin 959,960 3.93 4.96 1.96 

Feed mill samples were riot taken. The B, M, and E farm samples were cornposited 
to yield one value of Natamycin per farm. Natamycin farm # 3 evidently received 
the incorrect day 0 feed, as, no Natsmycin was .detected, Thus, for day 0, that 
farm was eliminated from the calculations of average, standard deviation, and 
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in,the ,NatamyGn farms are: 8.83 (12.23), 8.40 @ .29), and 8.38 (8.59) for days 0, 
30, and 45, respectively. The lowest observed conrzentration .was 5.69 ppm and 
the highest was 10.7. The sponsor. concludes that the Nat~m~cin content was 
uniform. We agree that the content w.as uniform, ahhough we also note that the 
feed uniformly does not contain the targeted amount of- Natamycin. 

For each farm, the average of three replicate mold spore count determinations is 
listed. Descriptive- stati’stics and a 95% .confidenee: interval .on the average (over 
the 20 farms) spore counts are ,given for each treatment group on each sampling 
day. The sponsor does not test for treatment differences, but states that the mold 
spore plate counts were consistentfy lower in samples coflected from Natamycin 
farms than those collected from controls farms. These results should be formalized 
with a statistical test and since the count data are skewed, we used a 
nonparametric test, the W ilcoxon rank sum tesL The day 0 counts are almost 
significantly lower in the Natamycin group, p 5. CL0531 and are extremely so at day 
30, p I O.OdOl) and at day 45, p ZZ 0.0003. I 

Similar information is presente,d for the farm samples after ‘respirom&try snd for 
inoculated samples after respirpmdtry. These variables are not relevant for 
confirmation of efficacy in the held. 

Molds identified in this study are the,same as those identified in the first subset of 
field studies. 

The average day 0 feed moisture contents were 12.74 in the controls and 12.63 in 
the treated samples. Day 30 values were arqund 13.25 and d,ay 45 values were 
around 13.9, indicating that the feed, was picking up moisture over time. 

Afiatoxin concentrations were low in. the day 0 and day 45samples, but higher in 
day 30 samples, with an average of 1.68 ppb in the controls and an average of 
1.98 ppb in the treated samples. Individual farm values, were quite varlabfe, with 
10 control farms and 12 treated farms having no detectable aflataxins. 

. J  

Production parameters are summarized in the table above along with. the results 
from the three studies in subset one. 



.-,,- ‘Ct., is ,e$dently difficult to produce the feed such that it has the targeted 
concentration of Natamycin using the instructions or current prdcedure. The 
instructions should be adjusted to increase the N~~arny~~n concentration in the 
finiShed feed and should warn -against adding Nata~ycin along with liquid 
ingredients. 

At the levels actu&y used in the first subset of studies, the utility of Natamycin to 
retard mold growth was not demoristrated. This- ma,y ba because the level was 
insufficient. The studies were small ,and spore counts were onty slightly smaller in 
the Natamycin group (Maryland and Georgia) or stightly higl-ier {Louisiana). 

At the level used in the second subset of studies, the larger number of studies 
allowed detection of a shift in the distribution of spore counts in favor of the 
Natamycin treated feed. 

Therefore, we have reviewed only one study conducted in Georgia ~that confirms 
that Natamyein added (to feed, at cohcentrations assayed to be about 8.5 ppm, 
retards mold growth relative to that seen in untreated feed. The sponsor has not 
demonstrated that this egfect can be achieved at oth& focatiorrs, as the muitipfe 
geographic location study does not demonstrate the utility <of’ Natamycin at the. 
lebels used. 

Production parameters in chickens eating feed treated with Nlatamycin, are similar to 
those in chickens eating controi feed for the durati”on of the studies. 

OI. COMMENTS THAT MAY BE CONVEYED TO THE SP5NS~~R: 

1. Biometrics recommends that in future dose titration studies you model the 
dose response. The model will indicate the appropriate choice of dose. We 
modeled the oxygen consumption data for the terminal intetiats for Aspergillus and 
Penicifliuni and the day 13 values for Fusarium. We ~crhose madeis that show a 
decrease in consumption from 0 to 15 grams per ton and then a plateau. from 15 to 
20 grams per ton as the ones which, describe the data best. Based on the models,, 
our recommendation for dose is 15 grams per ton. However, we recognize the 
inoculation method used represents an extreme challenge. 
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I. .‘.2., In fiefd studies, in addition to separate aslafyses of the individual ‘locations 
conducted under the same protocpkz, we request that a combined locations analysis 
be performed to the extent possible. The goal is to demonstrats that the treatment 
is effective in various settings. 

3. The Beginning,. Middle, and End samples from one chicken house are more 
appropriately treated as’ repeated. measures fram- the ~hauss.: Using a repeated 
measures analysis and combining the three studies, we agree that Natamycin does 
not separate from th,e feed. 

4. We also attempted to canduct ‘a repeated measures analysis on the mold 
spore counts taken over time from the same house. First we used the tog 
transformation on the counts to stabikFze the variance. We found we could not pool 
the locations for this analysis as there. was a significant time by location by 
treatment interaction. At individual locations, the treatmeslt effect is not 
significant. The three-geographic &&ions stud,y does not confirm the Mity of 
Natamycin for retarding the growth af mo!d in chgcken f&H at tha levels used. 

5. We note that the levels actdty used wece considerably less than the 11 
ppm intended. 

6. Despite the fact that the assayed levels in the, study involving 40 farms Gn 
Georgia were also assayed below target at abaut 8.4 ppm, significant reductions in 
spore counts were seen. We applied the W iicoxon rank-sum test to the counts at 
each time they were determined. The day 30 and day 45 tests were highfy 
significant; the day 0 test was neariy significant. 

7. In summary, modeling in the dose titration study iqdicates that under the 
extreme circumstances created by inoculation, an o,ptimai choice of dose is 15 
grams per ton. Assayed concentrations of Natamycin in your field trials were 
below the targeted amount of ‘I 1 ppm (or IO grams .per ton), Qne large trial at 
Georgia demonstrates that, even at about 8.4 ppm, Natamycin has a mold retardant 
effect. You have not presented evidence that this effect is reproducible at other 
locations representative of varying conditions. 



The statistical methods used in;the dose titrationstudy were appropriate as far as 
they went. in addition to testing among doses, we rely on modeling the dose 
response to help determine a dose. The mod&s chosen i,ndicate a dose of 15 
grams per ton. i 

The statistical methods used in tha canf~irmation studies at three geographic 
locations were not appropriate where they igno.reda the effect: of chicken house. No 
combined analysis of the, three geographic locations was presented. The studies 
were too smaJJ and did not support the efficacy of Natamycin. 

No statistical test was supplied for the spore count data from the larger Georgia 
study. A nonparametric i test, the WiJcoxon rank-sum test, was used by us and 
shows the significance of the reduction in. ,mofd in the Natemycin-treated feed at 
days 30 and 45. 

Thus, there is only one study at one location that confirms that a concentration of 
Natamycin actually used (and befow I 1 ppm) does what it is purported to do. 

At the primary reviewer’s discretion, we hope to sse the firm receive some advice 
about the mixing instructions,., We 40 nat think it is in Biometrics’ purview to 
comment on this subject. We have -something Uke the foJ~~w-j~g in mind. The 
mixing instructions should be revised so that the pracoss Jeads to Jevets doser to 
the intended concentrations. Jhe instructions should alsa include ti warning to not 
add the Natamycin at the same time as Jiquid ingredients ars being added to 
prevent clumping. 
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